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Abstract 
 
Nuclear reactors and charged particle accelerators have made it possible to produce and use a variety of 
radionuclides, which find a wide range of applications in varied areas of the society. Currently, majority of 
radionuclides are made artificially by transforming a stable nuclide into an unstable state and thus far over 2500 
radionuclides have been produced artificially. The curiosity to use the radiations from the artificially produced 
radio-isotopes led to their exploration for use in various fields immediately after their production and the last 
century has witnessed tremendous growth in the applications of radiation and radioisotopes, in diverse fields such 
as medicine, industry, agriculture, food preservation, water resource management, environmental studies etc. An 
attempt is made here to briefly outline some important applications of radioisotopes and radiation in the fields of 
health care, industry and water resource management, in India.  
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1. Introduction  
    The unique properties of radioisotopes are 1.specific half-lives and 2. Emission of radiations such as alpha ( ), 
beta ( - or +) or gamma ( ).  These energetic paricles/rays have enabled humans to use them advantageously either 
to use them as tracers, or use them as sources of energy to affect materials or living cells.  The penetrating  rays 
can serve as tracers, yielding information about the site they are localized. They can als o be used to gauge the 
thickness or structural details of materials and structures.  On the other hand, the highly energetic ,   rays can  
deposit their energies on matter and in the case of living cells, are capable of killing the cells.  Radionuclides 
emitting moderate energy  rays could be used as tracers to visualize the internal organs, while higher energy  rays 
can help visualizing the internals of huge machines and structures in industry or cause radiation induced changes 
such as polymerization or cross linking in materials. Applications of appropriate radionuclides to trace the path of 
flowing water bodies or the origin of leakages in dams etc. are well established tools that alleviate problems in 
water management.   
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2. Health care 
    Health care applications of radioisotopes are several and can be widely classified Diagnostic  and Therapeutic. 
Low energy gamma ray emitting radionuclides, predominantly 125I, as a radiotracer for measurement of extremely 
small quantities of biologically important molecules such as hormones, tumour associated markers etc. is widely 
used in radiometric techniques such as Radioimmunoassays(RIA) and Immunoradiometric assays(IRMA). This 
non-invasive in-vitro technique  had revolutionized the world of medical diagnosis in the 1960s and 1970s. These 
techniques have made it possible to diagnose the diseas es accurately, stage the disease and follow up the patients, 
just by drawing samples from the patient and analyzing them in a laboratory. In India, RIA and IRMA kits for 
measurement of several important hormones are being regularly produced by the Board of Radiation and Isotope 
Technology (BRIT) and supplied to the user labs in the country.  
   In-vivo (within the body) use of radioisotopes has resulted in a special branch of medicine, namely ‘Nuclear 
Medicine’, wherein a special class of radiolabelled molecules, called as “Radiopharmaceuticals” are used for 
diagnosis, management, treatment and prevention of many serious diseases [1]. Today, nuclear medicine offers 
nearly one hundred procedures that are immensely helpful to a broad span of medical specialtie s ranging from 
oncology and cardiology to psychiatry due to which several millions of patients benefit annually, all over the world.  
Radiopharmaceuticals are preparations containing radioactivity used in medicine for either diagnostic or therapeutic 
purpose.  
    Diagnostic in-vivo radiopharmaceuticals, on administration into the body render visibility to the interior body 
organs. Images can be acquired after administering a suitable radiotracer and with the help of appropriately 
designed radiation detection/mapping equipment [2]. Diagnostic radiopharmaceuticals are aimed at obtaining 
information regarding shape and size of organs (such as thyroid, liver etc.); functioning of organs (such as heart, 
kidneys, liver, lungs, brain etc.); shape, size and location of tumors/nodules in various cancers, brain etc. Owing to 
the sensitive detection and due to their biochemical nature, radiopharmaceuticals yield information on the 
functioning of organs and delineate abnormalities at a very early stage, which is often n ot possible with other 
conventional imaging modalities.  131I, 198Au, 203Hg etc. were the isotopes used in the early years for diagnostic 
purposes. But with the advent of 99mTc in 1960s, the scenario has changed. The ideal characteristics of 99mTc, such 
as T1/2 of 6 hours, emission of 140 keV γ, no emission of particle radiations, availability from a radioisotope 
generator from the parent 99Mo and hence possibility of continuous availability in hospitals, amenable chemistry 
that allows labeling of a variety of molecules, the emission of a single photon which allows a tomographic image to 
be taken, are the advantages of 99mTc that have resulted in its use in nearly all diagnostic radiopharmaceuticals and 
earned it the name of “Work horse of Nuclear Medicine” with >80% of all investigations to its credit. “Single 
Photon Emission Computed Tomography” (SPECT) with 99mTc pharmaceuticals gives excellent pictures with 3-
dimensional details and enables a physician to diagnose better. Later, similar single photon emitting nuc lides such 
as 123I, 111In, 201Tl etc. have also been used for getting SPECT images. In the last few years, the use of “Positron 
Emission Tomography” (PET) technique has established a role for itself in diagnostic nuclear medicine. Positron 
emitting nuclides such as 18F (T1/2 110 m), 
11C (T1/2 20 m), 
13N(T1/2 10 m), 
15O (T1/2 2 m) etc. are employed in a 
suitable form to obtain PET images. Among these, 18F is the longest lived and is the most suitable for chemical 
manipulations and usage. 18F labeled deoxy glucose (18F-FDG) is one of the most widely used molecule in nuclear 
medicine today for diagnostic purposes. 18F-FDG behaves like glucose and hence can be used to map glucose 
metabolism. This feature helps it to be used in many studies such as delineation of proliferating cancers, brain 
tumours, heart perfusion etc. This led to its enormous use and earned it the name “Molecule of the Millennium”.  
    The growth in the fields of molecular biology, immunology, genetics have resulted in many important 
inventions/developments, such as the technique to make monoclonal antibodies, understanding of cancer processes 
and identification of cancer associated molecules, identification of specific molecules that signal diseases or cell 
death, identification of molecules that signal oncogene expression, drugs that target diseased cells specifically and 
so on. These inventions have provided the basis for development of specific molecular interaction based 
radiopharmaceuticals opening up another avenue of ‘molecular imaging’.  
    While radiopharmaceuticals have been used for diagnostic purposes since more than half a century and hence 
perfected to a large extent, therapeutic radiopharmaceuticals, barring the use of 131I for treatment of 
hyperthyroidism, have been growing in the recent past. Therapeutic radiopharmaceuticals are used for treatment of 
diseases using the deleterious effect of ionizing radiations on the affected cells/organisms [3]. Availability of a 
reasonable number of radionuclides such as 32P, 90Y, 188/186Re, 177Lu, 153Sm to suit the needs of therapy as well as 
availability of specific molecules, such as receptor specific peptides or antibodies, that could target the diseased 
area unerringly, has resulted in such phenomenal growth in this area of Radionuclide Therapy (RNT).   
    India has a strong program on Nuclear Medicine, ably supported by the production and supply of a variety of 
radiochemicals and radiopharmaceuticals to the user hospitals. A wide range of radioisotopes, most of those listed 
in this article are regularly produced at the BARC’s nuclear reactors, and processed as radiochemicals. The ready to  
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use radiopharmaceuticals are formulated at the BRIT and supplied to the user hospitals. With the commiss ioning of 
the first medical cyclotron in India at BARC in 2002, 18F-FDG became available to the nuclear medicine 
community regularly and now there are more than 15 medical cyclotrons in the country catering to the need of 
thousands of patients, most often cancer patients. 
    Among the various medical applications, the most established and widely known one, is the use of radiation to 
treat cancers through “Teletherapy”, wherein an external source of high energy gamma radiation, most often from 
60Co, is used to treat cancer patients by focusing the radiation on the affected parts. Radiotherapy is one of the 
common modes of therapies advocated to cancer patients and this branch is a well developed specialty handled by 
radiation oncologists and radiotherapy physicists aided by sophisticated gadgets, instrumentation and software. Use 
of radioactive sources in proximity to the affected area by either placing the radiation source on the lesion like a 
mould or placing the source within a cavity is also a well established modality known as ‘Brachytherapy”. While 
teletherapy can be most useful only for surface irradiation, brachytherapy can be used to treat internal lesions that 
are well defined and reachable. For example, uterine cancers and breast cancers are often t reated by brachytherapy. 
India has 266 hospitals with 60Co based teletherapy machines (~293 machines) and High Dose Rate (HDR) 
brachytherapy units (166 machines). Development of indigenous 60Co teletherapy unit at BARC, named 
“Bhabhatron” has made it possible to reach teletherapy machines to more number of patients at lower cost than the 
imported machines. Efforts to develop indigenous HDR machines are also on at BRIT. 
    Small rice sized seeds of 125I have been developed at BARC and deployed for treatment  of ocular cancers such as 
ocular melanoma and retinoblastoma through brachytherapy in 2002. Since the, nearly 45 patients have been treated 
in 4 hospitals. Radioactive patches have also been shown to be very effective in treatment of superficial cancers b y 
mould brachytherapy through a collaborative effort at BARC.  
    But, for treatment of wide spread and unapproachable cancers, in -vivo therapy using radiopharmaceuticals, 
discussed earlier, is an attractive option. 
3. Industries 
    Radioisotopes, as sealed sources of ionizing radiation and as tracers supplement each other and are extensively 
used throughout the industry. An important feature of their application is their unique ability to investigate 
problems, without disrupting the process in any way. In particular, shutdown times could be avoided or reduced to 
minimum. Due to these considerations, these applications have proved to be the most useful in terms of economic 
benefits, realized either due to savings or improved production efficiency. Most of these applications do not have 
any competing alternatives. 
    The industrial applications of radiation and radioisotopes can widely be grouped into four categories, as 
described below briefly. 
3.1. Non-destructive evaluation and testing 
    The highly penetrating high energy gamma rays which get attenuated in the material they pass through, 
depending on the nature of the material, enables one to gather information on the material by analyzing the extent 
and pattern of attenuation. This technology, known as  “radiography” is very similar to the medical radiography, 
wherein X-rays are used to visualize and image the internal parts of human body non -invasively, by studying the 
pattern of attenuation of X-rays on passage through the body. Industrial radiography [4, 5] is one of the most widely 
used tools currently to test the quality of welding in huge machines and machinery parts both as quality 
assurance/quality control method as well as for judging the wear and tear and deciding the useful life of the 
machines. Inspection and quality testing of air craft engines, shielding integrity testing of transportation flasks, 
thickness qualification of thick [up to ~1 meter concrete equivalent] composite materials etc. are often carried out 
by radiography measurements.  
    A further development is the Industrial computed tomography [6 – 10], wherein the 3 dimensional image can be 
obtained either of a structure or even a process such as in a trickle bed reactor.  Generally isotopes such as 60Co, 
192Ir, 137Cs are used in industrial radiography cameras. A very gratifying use of this technology is in industries such 
as petrochemical industry wherein the internal parts of huge processing columns often need to be visualized in order 
to trouble shoot the problem of poor yields and improper functioning [11]. Such measurements, called as ‘gamma 
scanning’ is a technology that allows one to carry out the studies quickly without stopping the process, which in 
turn results in enormous savings in money, man power and time.  
    A yet another use of sealed radioactive source for non-destructive testing is in the location of blockages in buried 
pipeline, wherein the source is sent through the pipeline and when it gets stuck en -route, the location can be spotted 
by monitoring the radiation from outside, without having to dig the ground. Such a device saves enormous amount 
of efforts, time and money [12, 13]. 
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The continuous developments in the supporting technologies such as compact elec tronics, high resolution detectors, 
fast computers, small reliable neutron tubes, dedicated computer modeling codes and better data interpretation, 
enable immediate, accurate and detailed information about the structure studied. BARC conducts regular train ing 
programs at various levels of competence, to train the persons to handle the radiography cameras and interpret the 
radiographs. 
3.2. Nucleonic control systems 
    Nucleonic measurement and control systems, popularly known as nucleonic gauges, are non -contact/non-
intrusive mechanisms for measurement and control of process parameters such as thickness, density, level and 
composition [14, 15].  A wide range of radionuclides of various source strengths are used depending on the exact 
nature of the measurements. Beta sources are used for measuring thickness of paper, plastic and thin light metals, 
while gamma sources are used for denser materials such as steel plates or for gauging the density of coal, rock or oil 
well fluids. 
3.3. Radiotracer applications for industrial process troubleshooting and optimization     
   Use of a radiotracer in a dynamic situation helps in identifying the problems and in trouble shooting in process 
industries or natural dynamic situations [16 – 18]. A suitable radioactive preparation which can undergo the process 
can serve as a good tracer to provide information on residence time, process time etc. in multi step chemical 
processes. Thus radiotracers find extensive applications in process industries for both optimization of processe s as 
well as for trouble shooting. Some typical studies include:    
 Residence Time Distribution Analysis in various  process systems  
 Validation of   chemical reactor design  
 Validation of mathematical models  
 Mixing time  measurements  
 Flow rate  Measurement  
 Wear rate monitoring  
 Development of Radioactive Particle Tracking technique 
 Oil field applications for Enhanced Oil Recovery  
 Modelling of sediment movement for optimization of dredging operations at Port  
 Leakage detection & location in underground pipelines and heat exchangers.  
   In order to meet the increasing demand of industrial applications of radiotracer technique in the country, 
techniques for investigation of complex industrial systems such as Fluid Catalytic Cracking Units (FCCUs) and 
trickle bed reactors in petroleum refineries, coal gasifiers etc. and use of gas tracers like Kr-79  have been 
developed.  
3.4. Radiation processing 
   In recent years, radiation processing, using both gamma radiation and electron beam accelerators, has emerged  as 
an alternative to conventional technologies such as thermal and chemical processing for many industrial 
applications, owing to the unique advantages of high energy ionizing coupled with the availability of reliable high 
intensity radiation sources [19]. The physical, chemical and biological changes induced by absorption of high 
energy (ionizing) radiation have been well explored and exploited for commercial processes such as polymer 
modification and sterilization. The unique benefits offered by radiation technology, viz. the ability to generate 
reactive free radicals or ionic species at any temperature in any phase – solid, liquid or gas and subsequent reactions 
of these reactive species, have formed the basis of industrial radiation processes. Today,  radiation processed 
products are billion dollar worth business and are being used in a variety of areas such as health care industry, food 
preservation, polymer based industries, oil and gas industry and environment conservation.  
   60Co was used as the source of radiation for processing materials, owing to its production possibility in nuclear 
reactors and its amenable decay characteristics of high energy gamma rays (1.17 & 1.33 MeV) and reasonably long 
half life (5.26 y). Processing of bulky materials could be possible with 60Co radiation.  But, the era of electron beam 
accelerators have made it possible to irradiate materials without the need for having a radioactive source. A 2-Mev, 
20 kW electron beam accelerator, installed at Isotope Group, BARC in 1988, ushered in the era of electron beam 
processing in India. 
   Radiation processing can be broadly divided into two groups, based on the type of effects, namely, chemical 
effects and biological effects. The chemical effects are predominantly polymerization [14], and breaking of 
chemical bonds, while the biological effects mainly arise from the destruction of living organisms due to the  
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radiation. Radiation sterilization of medical products, radiation sanit ization of sewage sludge and radiation 
processing of food are based on the biological effects while the radiation cross linking of wires, cables & polythene 
O rings, radiation polymerization to achieve novel materials such as hydrogels, radiation induced d efects in gems 
are based on the chemical effects.   
3.5. Radiation sterilization of medical products   
   In India, the program of radiation processing made a beginning in 1974 with the establishment of the radiation 
sterilization plant (ISOMED), with 60Co as the gamma radiation source.  In an effort to demonstrate the 
effectiveness of radiation sterilized product, particularly for the rural segment with poor infrastructural facilities 
gamma sterilized “Dai Kits” were made and distributed in rural India. The kit contains radiation sterilized materials 
such as absorbent gauze, cotton, blades, umbilical tapes, soaps and drape sheets, normally required for delivering 
babies in rural homes. The use of these kits is reported to have significantly reduced the infa nt morbidity and 
mortality rates. Now, there are six Cobalt-60 based gamma irradiators operating in our country, catering to about 
11% of the total market of medical sterilization.  
3.6. Radiation processing of polymeric materials:  
   Simple thermoplastic polymers after cross-linking can replace costlier special heat resistant polymeric materials 
for many applications. For example, un-crosslinked low density polyethylene (LDPE) has a melting temperature of 
110oC and softening temperature of about 60oC. However, cross-linked LDPE can retain its dimensional stability at 
higher temperature.    These “O” rings are used as gaskets for drum closures especially for edible oils, as no 
chemical additives are added and hence the “O” rings can be used even in contact with edible oils, thus meeting the 
FDA specifications. Three major companies using radiation technology for this purpose and more than 6 million 
rings have been processed till now. 
3.6.1. Crosslinking of wire and cables  
   Use of high-energy radiation using EB accelerators has been well established for cross -linking of wire &cables 
and it results in a product that offers distinct advantages over chemically cross -linked cables. Extensive work has 
been carried out at BARC in collaboration with Indian cable manufacturers and other research institutions, to 
develop the formulations for various types of insulation’s such as polyethylene, PVC and EPDM based materials. 
The experience gained in this technology has helped the Indian cable industries to establish in -house EB facilities. 
Two of the major cable industries have installed their own EB machines which are currently being operated on 
commercial basis for meeting the demands of Indian railways, mining industry, automobile industry and home 
appliances industry. 
3.6.2. Radiation processed hydrogels 
   Polymeric biomaterials are widely used in medical field in a variety of ways, namely, as therapeutic devices, drug 
delivery systems and clinical diagnostic devices. In recent years, hydrogels have emerged as an imp ortant class of 
biomaterials, as their excellent biocompatibility and breathability have made them very useful for healing wide and 
serious burn wounds. At BARC, polyvinyl alcohol (PVA) based synthetic additive free hydrogel for use as wound 
and burn dressings has been developed with excellent characteristics and extensively tested in the local hospitals. 
This technology has been transferred to a private entrepreneur for commercial production and is now available in 
the Indian market. 
3.6.3. Radiation degradation of polytetrafluroethylene (PTFE):  
   PTFE possesses excellent thermal stability and resistance to corrosive chemicals. Its anti-friction, non-stick and 
non-toxic nature makes it an ideal material for use as dry lubricant and coating material for many applications. The 
high molecular weight PTFE is however extremely difficult to pulverize as the powder slowly agglomerates. EB 
irradiation of the virgin grade PTFE reject to a dose of 1-2 MGy has been found adequate for producing PTFE 
having molecular weight of  l04 – 105 Dalton that can be ground easily using conventional high speed grinding 
technique for the desired application. 
4. Water resource management  
   Water resource management is a very important issue from several angles such as development of water bodies 
for future generations of man-kind, protection of available water bodies from pollution and over-exploitation and to 
prevent or resolve disputes. Extensive hydrological information is necessary to develop water resources and protect  
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them. Isotope techniques along with remote-sensing gadgets are effective tools for obtaining critical hydrologic 
information which are vital for planning the development and management strategies for a particula r water resource 
system. 
    Isotope techniques used in water resource management [20] often involve measurement and analysis of stable 
isotopes or ratios of stable isotopes (2H/1H, 180/160, 15N/14N, 34S/32S, 13C/12C etc.), as well as naturally produced 
(cosmic ray induced 3H, 14C) radioactive isotopes in the water samples. Such measurements help in dating young as 
well as old waters, investigation of source of salinity/pollution of groundwater, surface water-groundwater 
interactions etc. Seepage or leakage studies and studies on silt movement are often carried out by tracer techniques 
using artificially produced radioisotopes that are miscible with water, such as 82Br as NH4Br; 198Au as HAuCl4; 46Sc 
as scandium glass, etc.  
   During the last four decades, a large number of isotope techniques have been carried out by BARC for water 
resources management in our country, in collaboration with the end -user organizations. Some of the important 
studies are: 
 Finding the cause of Groundwater fluoride pollution (in s ome parts of Karnataka), arsenic pollution (near 
Patna, Bihar), pollution from landfills (in Delhi Metropolitan Area),  
 Evaluation of artificial recharge measures in augmentation of the coastal aquifers of Tamil Nadu, 
 Studies on Sea water – fresh water interface dynamics off the Chennai and Nagapattinam Coast in Tamil 
Nadu,  
 Investigations on seepage/leakage of a few dams in Maharashtra, Kerala & Rajasthan, 
 Identification of catchment area of springs in mountainous Himalayan region in Uttaranchal [21],  
 Sustainability of deep groundwaters in Kuttanad area of  Kerala, and 
 Origin and flow dynamics of geothermal waters in Tatapani (Madhya Pradesh) 
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